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1.0  Introduction  

In 1996, the state of California established the California High-Speed Rail Authority (Authority). 

The Authority is responsible for studying alternatives to construct a rail system that will provide 
intercity high -speed rail (HSR) service on over 800 miles of track throughout California. This rail 

system will connect the major pop ulation centers of Sacramento, the San Francisco Bay Area, the 
Central Valley, Los Angeles, the Inland Empire, Orange County, and San Diego. The Authority is 

coordinating the project with the Federal Railroad Administration. The California High-Speed 

Train Project (CHSTP) is envisioned as a state-of-the-art, electrically powered, high -speed, steel-
wheel-on-steel-rail technology that will include state -of-the-art safety, signaling, and automated 

train-control systems. 

The statewide CHSTP has been divided into sections for planning, environmental review, 

coordination, and implementation of the project. This Geotechnical Baseline Report for Bid 
(GBR-B) is focused on the section of the CHSTP between Fresno and Bakersfield, specifically the 

Construction Package 4 (CP4), which extends from 1 mile north of the border between Tulare 
County and Kern County to about 7th Standard Road, north of Bakersfield. 

1.1  Geotechnical Contract Documents  

The key geotechnical documentation provided in the Contract Documents for CP4 is this Fresno 
to Bakersfield (FB) CP4 GBR-B. The FB CP4 Geotechnical Data Report (GDR) 

(URS/HMM/Arup 2014) and the Geologic and Seismic Hazards Report (GSHR) (URS/HMM/Arup 
2013c) are also available as reference documents. The CP4 GDR provides details of the ground 

investigation (GI) such as drilling procedures, soil sampling, in situ testing, hydrogeologic testing, 

and historical geotechnical information gathered prior to the exploration phase. The CP4 GDR 
also includes exploration logs, details pertaining to laboratory testing, procedures used to 

conduct various index tests, strength and deformation tests, and test results. Definitions for 
terms used in both the CP4 GBR-B and CP4 GDR are contained in Section 11.0, the glossary. 

This CP4 GBR-B and the referenced CP4 GDR cover only the FB CP4 corridor. 

1.2  Purpose  

The principal purpose of this CP4 GBR-B is to set baselines for ground conditions to facilitate the 

bidding process such that all bidders can rely on a single contractual interpretation of the 
geotechnical conditions when preparing their bids. This report summarizes anticipated ground 

conditions for construction of the CP4 alignment, which extends between about 1 mile north of 
the Tulare/Kern county line and 7 th Standard Road, north of Bakersfield. 

This CP4 GBR-B is a representation of the conditions upon which the design -build Contractor may 

rely for bidding. GIs conducted as documented in the CP4 GDR are considered preliminary and 
shall not be solely relied on for final design. It is incumbent upon the Contractor to conduct 

supplemental investigations adequate to complete final design and prepare a Geotechnical 

Baseline Report for Construction (GBR-C). The CP4 GBR-C will serve as the basis of resolution for 
differing site conditions during construction. The CP4 GBR-B has been prepared such that it will 

be superseded by the CP4 GBR-C, and the CP4 GBR-C will incorporate additional geotechnical 
exploration data and analyses. The CP4 GBR-C will become the basis of final design and 

construction conditions. 

The engineering judgment applied in the interpolations and extrapolations of information contained 
in the CP4 GDR reflect the view of the Authority in establishing the baseline conditions. The 

baseline conditions for bid presented in this report will (1)  serve as a baseline for geotechnical 

conditions anticipated to be encountered and (2)  assist the Contractor in evaluating the 
requirements for installation of foundation elements and excavating and supporting the ground.  
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1.3  Report Structure  

This report has been prepared in general accordance with Technical Memorandum (TM) 2.9.2 

Geotechnical Reports Preparations Guidelines and the latest edition of the American Society of 
Civil Engineersô publication Geotechnical Baseline Reports for Construction: Suggested Guidelines 
(Essex 2007). Sections 1.0 through 5.0 provide background information, while Sections 6.0 
through 9.0 provide specific recommendations related to ground characterization and behavior. 

Sections 10.0 and 11.0 provide reference information.  

Section 1.0 provides an introduction to the project including project location, report purpose, and 
organization. Section 2.0 provides a project description including key project features and 

existing man-made structures of significance to the project. Section  3.0 describes sources of 

geotechnical information including prior geotechnical reports, TMs, data from desk studies, and 
data from the  Preliminary Engineering for Procurement (PE4P) GI for CP4. Section 4.0 describes 

the project setting through physiography, geology, seismicity, and hydrogeology; Section  5.0 
describes previous construction experience in the project vicinity.  

Section 6.0 presents ground characterization and geotechnical baselines, Section 7.0 describes 

design considerations for the various proposed structures, Section 8.0 describes construction 
considerations, and Section 9.0 discusses instrumentation and monitoring during construction.  

Section 10.0 is a list of documents referenced in this report; Section  11.0 is a glossary of terms 

used in this report.  

1.4  Basis of Report  

The baseline values in this report have been developed from geotechnical information and data 

gathered through desk studies and the PE4P CP4 GI, which included widely spaced exploratory 
boreholes, cone penetration tests (CPTs), and laboratory and field tests. The results from this 

investigation are presented in the CP4 GDR. 

The statements in this document that shall be construed as baselines comprise only those 
sentences that begin ñAs a baselineò and ñFor bidding purposesò, or equivalent statements. 

All other statements in this document are provided for background and context, or as 

recommendations and commentary to assist the design-builderôs understanding of potential 
ground-related issues along the alignment. No such statements in this document shall be 

construed to overrule or supersede any code, regulation, contract requirement, project design 
criteria, or project specification.  

1.5  Project Constraints and Restrictions  

The baseline recommendations in this report have been derived from the available data. Limited 

site access, limited historical data, and wide spacing of explorations constrain the 

recommendations to a level appropriate for preliminary engineering, not final design. PE4P 
structures were designed using geotechnical parameters from historical data only. However, 

when the CP4 GDR and this GBR-B became available, the assumptions made to complete the 
PE4P structures design using historical data were found to be reasonable when compared to the 

data collected and baselines developed herein. 

During construction, ground behavior will be influenced by the Contractorôs selected design, 
equipment, means, methods, and level of workmanship. The Contractor must assess how these 

factors will influence ground behavior and baseline values provided in this report in consideration 

of the project as a whole.  
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2.0  Project Description  

2.1  Fresno to Bakersfield High -Speed Rail Section  

The proposed FB Section of the HSR is approximately 114 miles long and traverses a variety of 

land uses, including farmland, rural communities, small cities and large cities. The FB Section 
includes viaducts, elevated structures, retaining walls and segments where the HSR will be at-

grade or on embankment. The route of the FB Section passes by or through the rural 

communities of Bowles, Laton, Conejo, Armona, and Allensworth and the cities of Fresno, 
Hanford, Corcoran, Wasco, Shafter, and Bakersfield. 

The FB Section extends from north of Stanislaus Street in Fresno to the northernmost limit of the 

Bakersfield to Palmdale Section of the HSR at Oswell Street in Bakersfield. 

2.2  Alignments  

The FB Section is a critical link connecting the northern HSR sections of Merced to Fresno and the 
Bay Area to the southern HSR sections of Bakersfield to Palmdale and Palmdale to Los Angeles. 

The FB Section includes HSR stations in the cities of Fresno and Bakersfield, with a third station 
in the vicinity of Hanford. The Fresno and Bakersfield stations are this sectionôs project termini. 

For the purposes of the environmental document, t he FB Section of the HSR was divided into 10 

subsections, most of which had multiple alternative alignments. Table 2.2-1 summarizes and 
Figure 2.2-1 illustrates the subsections and their corresponding alignments. The preferred 

alternative for CP4 is discussed in Section 2.3. 
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Figure  2.2 -1  
Overview of Alignment Subsections 
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Table  2.2 -1   
FB Alignment Subsections 

Alignment 

Prefix  

Alignment 
Subsection 

Name  

Location  
County  EIR/EIS Name a 

Begin  End 

F1 Fresno San Joaquin St E Lincoln Ave Fresno BNSF 

M Monmouth E Lincoln Ave E Kamm Ave Fresno BNSF 

H Hanford E Kamm Ave Iona Ave 

Fresno 
and 

Kings 

BNSF (Hanford East) 

HW 
Hanford West 

Bypass 
E Kamm Ave Idaho Ave Hanford West Bypass 1 & 2  

HW2 
Hanford West 

Bypass 
E Kamm Ave Iona Ave 

Hanford West Bypass 1 & 2 
Modified  

K1 

Kaweah 

Idaho Ave Nevada Ave 

Kings 

Hanford West Bypass 2 (at-
grade) (connects to C1 

[Corcoran Elevated] or C2 
[Corcoran Bypass])  

K2 Idaho Ave Nevada Ave 
Hanford West Bypass 1 (at-

grade) (connects to C3 
[BNSF through Corcoran]) 

K3 Iona Ave Nevada Ave 

BNSF (Hanford East) 
(connects to C3 [BNSF 

through Corcoran])  

K4 Iona Ave Nevada Ave 

BNSF (Hanford East) 

(connects to C1 [Corcoran 
Elevated] or C2 [Corcoran 

Bypass]) 

K5 Iona Ave Nevada Ave 

Hanford West Bypass 2 
Modified (below-grade) 

(connects to C1 [Corcoran 
Elevated] or C2 [Corcoran 

Bypass]) 

K6 Iona Ave Nevada Ave 

Hanford West Bypass 1 
Modified (below-grade) 
(connects to C3 [BNSF 

through Corcoran])  

C1 Corcoran Nevada Ave Ave 128 

Kings 
and 

Tulare 

Corcoran Elevated  

C2 
Corcoran 
Bypass 

Nevada Ave Ave 128 Corcoran Bypass 

C3 Corcoran Nevada Ave Ave 128 BNSF (through Corcoran) 

P Pixley Ave 128 Ave 84 Tulare BNSF 

A1 
Allensworth 

Bypass 
Ave 84 Elmo Hwy Tulare 

and 
Allensworth Bypass 
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Table  2.2 -1   
FB Alignment Subsections 

Alignment 

Prefix  

Alignment 
Subsection 

Name  

Location  
County  EIR/EIS Name a 

Begin  End 

A2 
Through 

Allensworth 
Ave 84 Elmo Hwy 

Kern BNSF (through 
Allensworth) 

L1 

Poso Creek 

Elmo Hwy Whisler Rd 

Kern 

Allensworth Bypass 
(connects to BNSF 

[through Wasco-Shafter])  

L2 Elmo Hwy Poplar Ave 
Allensworth Bypass 

(connects to Wasco-Shafter 
Bypass) 

L3 Elmo Hwy Whisler Rd 

BNSF (through 
Allensworth) (connects to 

BNSF [through Wasco-
Shafter])  

L4 Elmo Hwy Poplar Ave 

BNSF (through 
Allensworth) (connects to 
Wasco-Shafter Bypass) 

WS1 
Through Wasco-

Shafter 
Whisler Rd Hageman Rd 

Kern 

BNSF (through Wasco-
Shafter) 

WS2 
Wasco-Shafter 

Bypass 
Poplar Ave Hageman Rd Wasco-Shafter Bypass  

B1 
Bakersfield 

Urban 
Hageman Rd Baker St 

Kern 

BNSF (Bakersfield North) 

B2 
Bakersfield 

Urban 
Hageman Rd Baker St Bakersfield South 

B3 
Bakersfield 

Urban 
Hageman Rd Baker St Bakersfield Hybrid 

a Environmental Impact Report/Statement  

 

2.3  CP4 Alignment Features  

The CP4 alignment spans approximately 29 miles, traversing approximately 1 mile of Tulare 

County through rural farm land to the Kern/Tulare county line then alongside the BNSF railroad 

and State Route (SR) 43 and Santa Fe Way, through the communities of Wasco and Shafter 
terminating at 7 th Standard Road, north of Bakersfield. Figure 2.3-1 shows the preferred CP4 

alignment. The CP4 alignment crosses through rural areas in Tulare County and enters Kern 
County about 2.7 miles west of SR 43. Heading south into Kern County, the A1 alignment curves 

to the east and meets SR 43 at about Taussig Ave where A1 becomes the L1 alignment. The L1 

alignment continues along the west side of SR 43 and the BNSF railroad until it reaches the north 
side of Wasco and becomes the WS1 alignment for the remainder of the CP4 subsection. 

Through Wasco the alignment is on elevated structure/viaduct  and retained embankment until it 
crosses to the east of the BNSF railroad just south of  Jackson Avenue, returning to grade and 

staying approximately parallel to the east side of the BNSF railroad and SR 43. The WS1 
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alignment rises to an elevated structure as it approaches Shafter just north of Tulare Avenue. 

Just south of Riverside Street the alignment crosses back to the west side of both the BNSF 
railroad and SR 43. At Los Angeles Avenue, SR 43 turns south, and the alignment continues 

parallel to Santa Fe Way, returning to grade south of Burbank Street, and terminates at the 
intersection of Santa Fe Way with 7th Standard Road, north of Bakersfield. 

The CP4 alignment includes at-grade and embankment rail sections as well as retaining walls, 

bridges and elevated structures. This contract also includes numerous secondary transverse 
vehicular and pedestrian bridges at select local street intersections. The design requires shallow 

and deep foundations, retaining walls, and earthwork embankments for the proposed 

improvements. The key project features are described in Table 2.3-1, from north to south. The 
table has been populated with the current 15% design structures. Please consult other contract 

documents for the most updated information.  

The CP4 GI, as discussed in the CP4 GDR, focused on the preferred alignment consisting of A1, 
L1, and WS1 alignments within the limits of CP4, shown in color in Figure 2.3-1. 

Table  2.3 -1  
Summary of Significant Structures in CP4 

Structure 

Type  

Approx .St
art 

Station 

(ft)  

Approx .End 

Station (ft)  

Description of 

Location  

Approx . 

Length  
(ft)  

Structure 

ID  

At-Grade 4435+50 4925+51 
From south of Avenue 8 to 

south of Elmo Highway 
49,001 At-Grade 1 

At-Grade 5154+50 5191+50 

From south of Elmo 
Highway to south of W 

Sherwood Ave 
3,700 At-Grade 2 

Retained 
Embankment 

5191+50 5225+40 
From south of W Sherwood 
Ave to north of Poso Creek 

3,390 Retained 1 

Structure 5225+40 5227+80 
From north of Poso Creek 

to south of Poso Creek 
240 Structure 1 

Retained 
Embankment 

5227+80 5271+60 
From south of Poso Creek 
to north of Taussig Ave 

4,380 Retained 2 

At-Grade 5271+60 5322+33 
From north of Taussig Ave 

to south of Whisler Rd 
5,073 At-Grade 3 

At-Grade 5422+50 5551+00 
From south of Whisler 

Road to north of Hwy 46  
12,850 At-Grade 4 

Retained 

Embankment 
5551+00 5556+40 

From north of Hwy 46 to 

north of Hwy 46  
540 Retained 3 

Structure 5556+40 5557+60 
From north of Hwy 46 to 

south of Hwy 46 
120 Structure 2 

Retained 
Embankment 

5557+60 5564+80 
From south of Hwy 46 to 

north of 4th St  
720 Retained 4 

Structure 5564+80 5682+95 
From north of 4th Street to 

north of Prospect Ave 
11,815 Structure 3 
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Table  2.3 -1  
Summary of Significant Structures in CP4 

Structure 

Type  

Approx .St
art 

Station 
(ft)  

Approx .End 

Station (ft)  

Description of 

Location  

Approx . 

Length  
(ft)  

Structure 

ID  

Retained 
Embankment 

5682+95 5709+50 

From north of Prospect Ave 
to north of Kimberlina 

Road 
2,655 Retained 5 

At-Grade 5709+50 5716+02 
From north of Kimberlina 

Rd to Kimberlina Rd 
652 At-Grade 5 

Structure 5716+02 5716+70 
From Kimberlina Rd to 

south of Kimberlina Rd 
68 Structure 4 

At-Grade 5716+70 5928+55 

From south of Kimberlina 
Rd to south of W Fresno 

Ave 
21,185 At-Grade 6 

Retained 
Embankment 

5928+55 5955+30 
From south of W Fresno 
Ave to north of E Tulare 

Ave 
2,675 Retained 6 

Structure 5955+30 6117+25 
From north of E Tulare Ave 
to south of Orange Street 

16,195 Structure 5 

Retained 
Embankment 

6117+25 6151+00 

From south of Orange 
street to south of Burbank 

St 
3,375 Retained 7 

At-Grade 6151+00 6291+ 00 
From south of Burbank St 

to 7th Standard Rd 
14,000 At-Grade 7 
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Figure  2.3 -1  
Vicinity Map of CP4 Alignment  
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3.0  Sources of  Geologic and Geotechnical Information  

3.1  Project Sources  

Data and information for this report were primarily obtained from publically available reports and 

the results of the PE4P GI. The sources include the following: 

¶ FB Archeological Survey (URS/HMM/Arup 2011). 

¶ FB Geology, Soils, and Seismicity Technical Report (URS/HMM/Arup 2012). 

¶ FB 15% Record Set GI Work Plan (2013a). 

¶ FB Draft Environmental Impact Statement/Report (URS/HMM/Arup 2013b). 

¶ FB 15% Record Set Geologic and Seismic Hazards Report (GSHR; URS/HMM/Arup 2013c). 

¶ FB PE4P Record Set Hydrology, Hydraulics, and Drainage Report (URS/HMM/Arup 2013d). 

¶ FB 15% Record Set Utility Impact Report (URS/HMM/Arup 2013e). 

¶ FB PE4P Record Set CP4 GDR (URS/HMM/Arup 2014). 

3.2  Site Investigations  

The PE4P GI for CP4 was conducted between August 19 and November 13, 2013, and consisted 

of drilling 20  rotary-wash boreholes and performing 45 CPTs. Soil samples were collected from 
boreholes at 5-foot intervals using standard penetration test (SPT)  split spoon samplers and 

California Modified samplers driven with automatic hammers. Energy calibration tests were 
performed on the automatic hammers used during the exploration program , and SPT N-values 

were recorded and corrected accordingly. The explorationsô names and locations relative to the 

alignment are presented in Table 3.2-1. 

Additional in situ testing performed during the investigation included she ar wave velocity (Vs) 

profiles in four  boreholes using the suspension velocity logging method, Vs profiles in six CPTs, 

and pore water pressure dissipation tests in 43 of 45 CPTs. Four boreholes, S0077R, S0078R, 
S0083R, and S0088AR, were converted to standpipe piezometers to monitor groundwater -level 

fluctuations. In situ testing performed during the exploration program also included pocket 
penetrometer and torvane testing on retrieved samples.  

Laboratory testing was performed on representative soil samples to obtain index and engineering 

properties. Geotechnical index testing included moisture content, density, No. 200 sieve wash, 
hydrometer, grain-size analysis, specific gravity, Atterberg limits, and organic content tests. 

Laboratory testing for engineering properties included direct shear, triaxial undrained and 

drained, compaction, California bearing ratio, and corrosion test methods. Soil corrosivity testing 
was also performed, including resistivity, pH, sulfate content, and chloride content methods.  

Table  3.2 -1  
Locations of PE4P Ground Investigation Tests Relative to Proposed Alignments 

Exploratio
n ID  

Alignment 
Alternative  

Structure ID  

Distance 
along CP4, 

north to south  
(miles)  

Offset 
Distance from 

Alignment,  
(feet) a 

Elevation  
( ft)  

(NAVD 88)  

S0243CPT A1 At-Grade 1 0.83 950 219.3 

S0246CPT A1 At-Grade 1 1.82 -167 220.6 

S0249CPT A1 At-Grade 1 2.75 -1,643 227.2 

S0074R A1 At-Grade 1 2.87 28 229.6 

S0248CPT A1 At-Grade 1 2.93 847 229.5 
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Table  3.2 -1  
Locations of PE4P Ground Investigation Tests Relative to Proposed Alignments 

Exploratio
n ID  

Alignment 
Alternative  

Structure ID  

Distance 
along CP4, 

north to south  
(miles)  

Offset 
Distance from 

Alignment,  
(feet) a 

Elevation  
( ft)  

(NAVD 88)  

S0252CPT A1 At-Grade 1 5.48 2,048 245.3 

S0254CPT A1 At-Grade 1 6.42 -149 257.9 

S0075R A1 At-Grade 1 6.43 -169 257.9 

S0076R A1 At-Grade 1 7.63 -34 269.7 

S0257CPT A1 At-Grade 1 7.63 98 270.0 

S0260ACPT A1 At-Grade 1 8.94 3,163 277.9 

S0261CPT L1 At-Grade 2 9.20 2,484 285.6 

S0262CPT L1 At-Grade 2 9.63 2,025 292.7 

S0263CPT L1 
Retained 

Embankment 1 
9.81 1,663 295.1 

S0264CPT L1 
Retained 

Embankment 1 
10.12 1,193 299.1 

S0077R L1 
Retained 

Embankment 1 
10.28 10 299.0 

S0078R L1 
Retained 

Embankment 2 
10.59 693 306.0 

S0266CPT L1 
Retained 

Embankment 2 
10.80 578 307.3 

S0267CPT L1 
Retained 

Embankment 2 
11.29 -37 304.4 

S0079R L1 At-Grade 3 11.30 -61 304.6 

S0270CPT L1 At-Grade 3 11.53 263 310.2 

S0268ACPT L1 At-Grade 3 11.78 213 310.1 

S0080R WS1 At-Grade 4 12.32 162 312.3 

S0269CPT WS1 At-Grade 4 12.32 214 312.6 

S0271CPT WS1 At-Grade 4 12.78 212 317.6 

S0272CPT WS1 At-Grade 4 13.31 225 320.6 

S0081R WS1 At-Grade 4 13.69 174 320.7 

S0273CPT WS1 At-Grade 4 13.69 229 320.8 

S0274CPT WS1 At-Grade 4 13.80 -1,833 317.6 

S0082R WS1 
Retained 

Embankment 3 
14.88 -461 328.3 

S0279CPT WS1 
Retained 

Embankment 3 
14.88 -463 328.3 

S0280CPT WS1 Structure 3 15.23 -48 331.4 

S0282CPT WS1 Structure 3 15.48 -36 331.0 

S0283CPT WS1 Structure 3 15.78 -48 332.0 

S0083R WS1 Structure 3 15.79 -93 331.9 

S0285ACPT WS1 Structure 3 16.30 -81 334.0 
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Table  3.2 -1  
Locations of PE4P Ground Investigation Tests Relative to Proposed Alignments 

Exploratio
n ID  

Alignment 
Alternative  

Structure ID  

Distance 
along CP4, 

north to south  
(miles)  

Offset 
Distance from 

Alignment,  
(feet) a 

Elevation  
( ft)  

(NAVD 88)  

S0287CPT WS1 Structure 3 16.81 356 337.1 

S0084R WS1 Structure 3 16.81 343 337.1 

S0289CPT WS1 Structure 3 17.17 -72 337.2 

S0290ACPT WS1 At-Grade 5 17.79 -36 332.8 

S0084AR WS1 At-Grade 5 17.79 -35 332.8 

S0292CPT WS1 At-Grade 6 18.85 -1,104 346.9 

S0085R WS1 At-Grade 6 20.00 -291 345.0 

S0295CPT WS1 At-Grade 6 20.00 -295 346.9 

S0086R WS1 At-Grade 6 20.98 -296 344.7 

S0297CPT WS1 At-Grade 6 20.99 75 345.9 

S0087R WS1 At-Grade 6 21.67 18 346.6 

S0301CPT WS1 At-Grade 6 21.69 6 346.6 

S0302CPT WS1 
Retained 

Embankment 5 
21.94 -206 346.1 

S0303CPT WS1 
Retained 

Embankment 5 
22.30 -224 347.6 

S0304CPT WS1 Structure 5 22.75 -33 345.4 

S0088R WS1 Structure 5 23.04 29 344.6 

S0305CPT WS1 Structure 5 23.08 7 344.5 

S0308CPT WS1 Structure 5 23.34 -330 343.7 

S0309CPT WS1 Structure 5 23.77 84 346.1 

S0088AR WS1 Structure 5 24.48 -47 346.1 

S0312CPT WS1 Structure 5 24.48 -33 346.2 

S0314CPT WS1 Structure 5 25.15 -32 343.7 

S0315CPT WS1 
Retained 

Embankment 6 
25.58 172 343.4 

S0089R WS1 
Retained 

Embankment 6 
25.86 -71 341.8 

S0317CPT WS1 
Retained 

Embankment 6 
25.99 133 341.6 

S0318ACPT WS1 At-Grade 7 26.66 60 336.3 

S0090R WS1 At-Grade 7 27.50 21 337.4 

S0318CPT WS1 At-Grade 7 27.88 23 338.7 

S0319CPT WS1 At-Grade 7 28.09 25 339.7 

S0091R WS1 At-Grade 7 28.42 -82 340.4 

a Positive offsets from the alignment are to the left (generally east) of the alignment with increasing station 
(progression southward). Negative offsets are to the right of the alignment (generally west).  
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3.3  Historical Investigations  

The primary source of publicly available historical geotechnical data collected during 15% design 

was from the California Department of Transportation (Caltrans) database of as-built construction 
records. 

Caltrans data are concentrated along SR 43, 46, and 99, from projects dating between 1952 and 

2007. For each project, several boreholes were drilled, logged, and plotted on a cross section. 
None of the Caltrans records contain laboratory test data. Borehole records collected from 

Caltrans extend to a maximum depth of 99  feet below ground surface (bgs), with an average 
borehole depth of 47 feet bgs. Historical Caltrans data are included in Appendix A of the GDR. 

In addition, data from registered groundwater wells has been reviewed. Available records provide 

little information o n subsurface conditions. Historical wells are discussed in the GSHR and GDR. 
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4.0  Physiography and Geology Overview  

This section provides a brief description of physiography, geology, and seismicity within the CP4 

corridor. Detailed discussion of physiography, geology, and seismicity along the entire FB 
alignment is presented in the GSHR. 

4.1  Physiography  

The CP4 alignment is located within the southern portion of the 450 -mile-long Great Valley 

Geomorphic Province (Bartow 1991). The topograph y of the Great Valley (the southern portion of 
which is referred to as the San Joaquin Valley [SJV]) is relatively flat. The SJV is bordered by the 

Pacific Coast Ranges to the west, the Stockton arch to the north , the Sierra Nevada to the east, 

and the San Emigdio and Tehachapi mountains to the south.  

Superimposed upon this large-scale, relatively flat topographic surface is a localized drainage 
pattern created by the recent incision of fluvial systems. This localized topography is composed 

of short, steep river/stream banks with channels at lower elevations relative to the surrounding 
areas. These channel bottoms range between wide, relatively flat -bottomed (with occasional 

rounded natural levees), and narrow gully-type valleys, depending on their age and the amount 
of flow. Along the CP4 alignment these features appear to have been either channelized or 

redirected to accommodate the present urbanization. 

The topography along the CP4 corridor is generally flat, rising gradually from north to south,  and 

varies between elevations of 219 and 350 feet relative to the North American Vertical Datum of 
1988. Localized variations on the ground surface elevation occur at existing road embankments, 

detention basins, and other man-made features such as irrigation canals and road and rail 
crossings. 

4.2  Geologic Setting  

4.2.1  Regional Geology  

In his discussion of the geologic evolution of the SJV, Bartow (1991) writes that the SJV is an 

ñasymmetric structural trough that is filled with a prism of upper Mesozoic and Cenozoic 
sediments up to 9 km [ 30,000 feet]  thické which at the end of the Mesozoic formed the southern 

part of an extensive fore -arc basin, evolved during the Cenozoic into todayôs hybrid intermontane 

basin.ò 

Bartow (1991) continues discussing the sedimentation infill of the SJV basin, stating that :  

Its evolution comprises the gradual restriction of the marine basin through uplift and 

emergence of the northern part in the late Paleogene, closing off of the western outlets 

in the Neogene, and finally the sedimentary infilling in the latest Neogene and 
Quaternaryé these sediments rest on crystalline basement rocks of the southwestward-

tilted Sierran block. 

4.2.2  Local Geology  

Subsurface materials in the vicinity of the CP4 alignment have been generally characterized into 
four separate map units: (1)  existing fill, (2)  alluvial fan deposits, (3) basin deposits, and 

(4) lacustrine deposits. Based on geologic mapping by Smith (1964), Quaternary Pleistocene and 
Holocene sediments (presumably Sierra Nevada derived), including the fan deposits (Qf), basin 

deposits (Qb), and Pleistocene non-marine deposits (Qc) are present beneath the CP4 alignment. 
The geological map indicates the presence of Quaternary lake deposits (Ql) mapped at the 
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surface within a mile of the  north end of the site . There may be significant variability in the 

horizontal extent of lacustrine deposits with depth and potential for the presence of fine-grained 
lacustrine deposits beneath portions of the northernmost CP4 alignment. 

In the vicinity of the northern CP4 alignment, the Corcoran clay (E -clay) layer of the Lacustrine 

Tulare Formation is inferred at a depth of approximately 300 feet below ground surface (bgs) by 
CDWR (1981) and Page (1986). Foster and Saleeby (2003) have since preliminarily mapped the 

E-clay at or near the surface throughout most of the A1 and L1 sections of the alignment based 
on interpretation of additional  oil and gas well log data. Based on exploration for this project, it 

does not appear that the E-clay is present in significant contiguous thickness within the upper 

100 feet bgs beneath the CP4 alignment. Clay layers of variable thickness are, however, 
interbedded with coarser sediments in the subsurface profile here. One or more of these layers 

may represent the margin of the E -clay, which tends to feather out near the lateral extent of 
lacustrine deposition.  

For the majority of the CP4 alignment the dep ositional environment is dominated by alluvial fan 

deposits, resulting in interbedded sands, silts, and clays. Between northern Bakersfield and 
McFarland, several historical east to west trending stream channels exist, associated with the 

alluvial fan deposits in the area. The channels have been infilled or channelized to facilitate the 

modern agricultural land. However, relic channel deposits consisting of lenses of clean sand are 
likely to exist throughout the site . 

The continental deposits in the SJV are derived from material from the hills and mountains to the 

south and east, including the units mapped at the surface along the CP4 alignment, range in total 
thickness from about 2,300 to greater than 3,000  feet. Underlying these recent alluvial and 

lacustrine deposits are Pleistocene and Pliocene marine deposits consisting of indurated clays 
(often referred to as claystones and mudstones) and sands of varying density. Bedrock is 

believed to be up to approximately 6 miles bgs, becoming shallower with prox imity to Bakersfield 

and the Tehachapi foothills. 

This report avoids the use of geologic units in assigning baseline properties because of the 
potential variability in lateral extent of each unit with depth . Also, different mapped surficial units 

have generally been found to have similar engineering properties when compared with depth, so 
drawing distinctions across units is impractical. 

4.3  Seismic Setting  

The CP4 alignment is located within a relatively seismically quiescent region between the two 

areas of documented tectonic activity: the Coast Ranges-Sierran Block boundary zone and San 
Andreas Fault system to the west and the eastern California shear zone to the east. 

The Coast Ranges-Sierran Block contains potentially active blind thrust faults ( Stein and Eckstrom 

1992). The Pacific Coast Ranges contain many active faults that are associated with the 

northwest-trending San Andreas Fault System, which is the principal tectonic element of the 
North American-Pacific plate boundary in California. The eastern California shear zone 

accommodates a portion of the relative movement between the North American and Pacific 
plates. 

4.3.1  Faults and Seismicity  

There are no known capable faults crossing or within close proximity to the alignment within the 

study area. The Pond-Poso Creek Fault is known to cross the CP4 alignment near Woollomes 
Avenue in Kern County. Although not considered active, the Pond-Poso Creek Fault is a 

quaternary fault with a structural relationship to the Pond Fault which is classified by CGS as an 
active fault under the Alquist-Priolo Act. The Pond Fault is about 2 miles to the east of the 



CALIFORNIA HIGH-SPEED TRAIN PROJECT ENGINEERING RECORD SET GEOTECHNICAL BASELINE 

FRESNO TO BAKERSFIELD REPORT FOR BID ï CONSTRUCTION PACKAGE 4 

Page 4-3 

 

alignment. The activity of the Pond Fault has been associated with groundwater extraction; it is 

not considered seismotectonically active (URS/HMM/Arup JV 2013b and 2013c). Based on the 
definitions in the TMs, the Pond-Poso Creek Fault could be deemed ñcapable.ò However, such a 

classification mandates a fault rupture analysis, which presumes potential seismic activity. Neither 
the desk study nor the PE4P GI support the contention that this fault is seismically active.  Thus, 

the Pond-Poso Creek fault is not classified as capable. 

No visible surface feature was present along Magnolia Avenue, just southeast of where the Pond-
Poso Creek Fault is mapped cross the A1 alignment. However, the GIS locations of faults are 

known to be off by up to 750  feet (URS/HMM/Arup 2012). Further site-specific investigations 

using other methods may be warranted to finalize the determination of the capability of the  
Pond-Poso Fault for final design. 

The San Andreas Fault, located approximately 35 miles west of the CP4 alignment, has the 

highest slip rate and is the most seismically active of any fault near the HSR alignment. The 
White Wolf Fault is about 30 miles southeast of the alignment, and produced a magnitude  7.5 

earthquake when it ruptured in 1952. The San Andreas, White Wolf, Garlock, Kern Canyon, 
Edison, and Tehachapi Creek Faults and other nearby faults are deemed ñcapableò by project 

standards and are described in detail in the FB GSHR (URS/HMM/Arup 2013a). 

There are a number of other faults capable of producing large -magnitude earthquakes near the 

HSR alignment. A list of known faults within 100  miles of the study area and their characteristics 
are presented in Table 4.3-1. 

Table  4.3 -1  
Characteristics of Faults within 100 Miles of the Study Area (USGS 2006) 

Fault Name  Fault Type  Slip Rate  
(mm/yr)  

Distance and Bearing to  
FB HSR Alignment  

San Andreas Right-Lateral Strike-Slip 20ï35 35 miles W of alignment at Wasco 

Great Valley 
(Segments 10ï14) 

Blind Thrust 1.5 32 miles W of alignment at Wasco 

Nunez ï ï 65 miles NW of northern end of 
alignment 

Clovis Fault ï ï 68 miles N of northern end of 
alignment 

Corcoran Clay Fault Zone Normal ï N of the alignment from Hanford 
to the Kern/Tulare County line 

Owens Valley Right-Lateral Strike-Slip 1.5 84 miles NE of alignment 

Kern Canyon Normal ï 55 miles E of northern end of 
alignment 

Kern Front Normal ï 12 miles E of alignment at Shafter 

Kern Gorge Normal ï 18 miles E of alignment at Shafter 

Buena Vista Thrust - 
23 miles S of southern end of 
alignment 

Southern Sierra Nevada 
(Independence Section) 

Normal 0.1 87 miles NE of northern end of 
alignment 



CALIFORNIA HIGH-SPEED TRAIN PROJECT ENGINEERING RECORD SET GEOTECHNICAL BASELINE 

FRESNO TO BAKERSFIELD REPORT FOR BID ï CONSTRUCTION PACKAGE 4 

Page 4-4 

 

Table  4.3 -1  
Characteristics of Faults within 100 Miles of the Study Area (USGS 2006) 

Fault Name  Fault Type  Slip Rate  
(mm/yr)  

Distance and Bearing to  
FB HSR Alignment  

Oil Field Fault Zonea
 Normal ï 

30ï35 miles E of southern end of 
alignment 

Garlock Left-Lateral Strike-Slip 2ï10 
45 miles SE of southern end of 
alignment 

White Wolf Left-Lateral Reverse 3ï8.5 
30 miles SE of southern end of 
alignment 

Breckenridge Normal ï 40 miles E of alignment at Shafter 

Poso Creek/Pond Normal ï 

Crosses alignment approximately 
3 miles south of border between 
Tulare and Kern Counties 

Wheeler/Pleito Normal 1.4 
30 miles S of southern end of 
alignment 

Edison Fault Normal ï 
22 miles SE of southern end of 
alignment 

Southern Sierra Nevada 
(Haiwee Reservoir) 

Normal 7ï14 65 miles E of alignment 

a These faults appear on the Caltrans 1996 Seismic Hazards Map but have apparently have been de-rated since they do 
not appear on the Caltrans 2007 Deterministic Peak Ground Acceleration Map. 

Source: SCEC 1999, WGCEP 2007, Caltrans 2007, USGS, CGS 2010 

 

4.3.2  Design Earthquake and Design Ground Motion  

For the CP4 alignment, two design-level earthquakes have been defined for final design per other 

contract documents: 

Maximum considered earthquake (MCE)  ï Ground motions corresponding to greater 
of: (1) a probabilistic spectrum based upon a 10% probability  of exceedance in 100 years 

(i.e., a return period of 950  years) and; (2) a deterministic spectrum based upon the 
largest median response resulting from the maximum rupture (corresponding to 

maximum moment magnitude [M w]) of any fault in the vicinity of the structure.  

Operating basis earthquake (OBE)  ï Ground motions corresponding to a probabilistic 

spectrum based upon an 86% probability of exceedance in 100 years (i.e., a return 
period of 50 years). 

Site-specific spectrally matched response spectra and peak ground accelerations for the Central 

Valley alignment between Merced and Bakersfield were developed for preliminary engineering. 
Peak ground accelerations and moment magnitudes used for preliminary liquefaction evaluations 

are discussed in Section 4.3.3. Acceleration response spectra are provided by the Authority under 
separate cover. 



CALIFORNIA HIGH-SPEED TRAIN PROJECT ENGINEERING RECORD SET GEOTECHNICAL BASELINE 

FRESNO TO BAKERSFIELD REPORT FOR BID ï CONSTRUCTION PACKAGE 4 

Page 4-5 

 

4.3.3  Liquefaction  

Liquefaction assessments for the CP4 alignment were performed for the OBE event using the 

subsurface data presented in the GDR. CP4 was broken up into three seismic zones, 5, 6 and 7, 
as provided by the Authority . The analyses were conducted using peak ground accelerations of 

0.09g, 0.10g, and 0.11g for seismic zones 5, 6, and 7, respectively. A moment magnitude of 7.9 
was used for all analyses. Utilizing the baseline groundwater levels, preliminary evaluations 

indicate soil liquefaction on a global basis is unlikely to occur during the OBE event on one of the 
nearby faults; however, localized liquefaction in discrete layers is possible. 

For bidding purposes, assume liquefaction will not occur at the OBE; however, the Contractor is 

required to perform an independent liquefaction hazard analys is for final design. 

4.4  Hydrogeol ogic Setting  

4.4.1  Regional  

The CP4 HSR alignment is located within the Tule and Kern County Sub-basins (CDWR 1980). A 
hydrogeologic cross section of the basin is included in the CP4 GDR. Groundwater within this 

basin is managed by multiple stakeholders. Groundwater is the sole source of drinking water in 

the region. The current and potential uses of groundwater in the basin are municipal and 
domestic supply, industrial process supply, industrial service water supply, and agricultural and 

livestock water supply. 

The regional groundwater flow direction in Kern County is from east to west. There are some 
localized influences as a result of pumping, surface water treatment, and groundwater recharge 

appurtenances. 

4.4.2  Major Aquifers  

The depositional environment has formed a sequence of aquifers and aquitards that vary in 
thickness and lateral continuity. Aquifers are generally composed of granular water-bearing 

sediments, and aquitards are composed of finer-grained sediments that retard water flow. Most 
of the aquifers underlying the study area are unconfined but can be semiconfined in isolated 

locations. 

Generally, there are no extensive, low-permeability soils that isolate the upper aquifers from the 

lower aquifers. The Corcoran Clay (E-Clay) and correlative layers have been mapped beneath the 
northern portions of the CP4 alignment near the Tulare/Kern County border at depth s of less 

than 100 feet bgs (Foster and Saleeby 2003). The southern extent of the Corcoran Clay has been 
mapped north of Wasco. However, in this area it is believed that the Corcoran Clay transitions to 

silty/sandy loam. 

4.4.3  Current Groundwater Conditions  

Groundwater levels were monitored as part of the PE4P CP4 GI (refer to Section 3.2 and 6.3). 
The measured groundwater levels at the Tulare/Kern County border are shallow (typically 20 to 

50 feet bgs) but become deeper progressing south along the alignment. As described in the CP4 
GDR (URS/HMM/Arup 2014), the depth to current groundwater levels in Kern County generally 

increases to the south and varies from 50 to 125 feet bgs. 

Perched groundwater was typically encountered at shallow depths between 5 to 15 feet bgs in 

Tulare and Kern Counties. Isolated perched groundwater was encountered at depths between 
120 and 128 feet bgs, and again at 140 and 148 feet bgs in S0088R. It is anticipated that 

perched groundwater will likely be encountered during construction. A 1966 soil survey for Kings 
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County prepared by the U.S. Department of Agricultureôs Soil Conservation Service (USDA 2008) 

indicates that perched groundwater shallower than 6  feet may be present south of Cross Creek 
near Kansas Avenue. 

Further discussion of perched groundwater conditions is included in Section 8.6. Baseline 

groundwater levels are presented in Section 6.3. 

4.4.4  Land Subsidence  

Many areas within the SJV have experienced significant subsidence due to groundwater 
extraction. The southern SJV has been the subject of an extensive investigation between 2007 

and 2011 conducted by the Jet Propulsion Laboratories (JPL) (Farr and Liu 2014) using remote 
sensing technology. The GDR (URS/HMM/Arup 2014) includes the results of a cursory 

assessment of land subsidence made within the limits of CP4 by JPL. The JPL subsidence rate 
evaluation indicates that a significant subsidence bowl has developed between Hanford and 

Allensworth. The CP4 alignment begins at the southern fringes of this bowl. JPL has measured a 

subsidence rate of about 3 centimeters/year (1.2 inches/year) for the portion of the CP4 
alignment extending from the northern terminus to Pond Road. Further south, in Kern County, 

Lofgren and Klausing (1969) indicate that the area between the border of Tulare and Kern 
Counties and Wasco experienced subsidence on the order of 2 feet between 1948 and 1962. It is 

possible that continued subsidence in this area has occurred in the intervening timeframe.  
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5.0  Related Construction  

The following is a brief description of several large, transportation -related infrastructure 

improvements in the vicinity of the proposed CP4 alignment from which some GI data have been 
obtained. These data provide some insight on large infrastructure construction in the vicinity of 

CP4. Three freeways of the California State Highway System either traverse or are adjacent to 
the proposed alignment.  

The alignment crosses over SR 46 in Kern County at the northern end of Wasco. Historical 

borings provided by Caltrans can be found at the Calloway Canal and Friant Kern Canal Crossing 

at about 3.9 and 5.2 miles east of the HSR alignment. 

SR 43 is within about 3 miles of the alignment within Tulare County and adjacent to the 
alignment within Kern County. The BNSF Railway is adjacent to SR 43 through Tulare and Kern 

Counties until E Los Angeles Avenue where SR 43 heads due south and the HSR and BNSF 
alignments traverse to the southwest into Bakersfield. The only historic borings available along 

SR 43 in this reach of the alignment are found at Poso Creek. 

SR 99 is a four-lane divided highway. In Tulare, it is about 8. 5 miles east of the alignment. In 
Kern County, SR 99 approaches within 4.25 miles of the alignment. Structures along SR 99 for 

which historic boring information can be found are located in Delano, Poso Creek, and at SR 46. 

However, the closest of these are still 6.85 miles from the HSR alignment. 

Geotechnical logs of test borings and as-built drawings for several overpasses and bridges along 

these freeways were collected from a Caltrans database. These logs of test borings are presented 

in Appendix A of the FB CP4 GDR. Additional information regarding construction methods, ground 
behavior, groundwater conditions, ground support methods, and problems dur ing construction 

was not provided in the as-built construction records obtained from Caltrans.  

Information was not available from the adjacent railroads.  
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6.0  Ground Characterization  

6.1  Overview  

6.1.1  Organization  

Section 6.1 presents the results of subsurface interpretations undertaken to explore the spatial 

distribution of soil conditions for CP4. The variation of soil type and properties along the 
alignment and with depth w as analyzed to identify trends that support the sub dividing of the 

subsurface conditions into zones that may warrant separate geotechnical baselines. 

Baseline groundwater conditions for design and construction are presented in Section 6.3, 
followed by additional sections on contamination and corrosion potential. A brief discussion of the 

scope of the investigation to address contaminated ground and corrosivity is presented in 

Section 6.4 and 6.5, respectively. Baseline engineering parameters are presented in Section 6.6 
for coarse- and fine-grained soil types, as well as by depth, as noted. 

Section 6.7 provides discussion and baseline statements regarding soil behaviors, such as long-

term settlements, with special relevance to the design and/or construction of the proposed 
works. Further discussion of design and construction considerations is presented in subsequent 

sections (Sections 7.0 and 8.0), including further baselin e statements. 

6.1.2  Subsurface Description  

Subsurface conditions comprise interbedded coarse- and fine-grained soils representative of 
predominately Quaternary basin and alluvial fan deposits of the Great Valley Sequence and of 

Pleistocene non-marine deposits. From north to south, the CP4 alignment appears to transition 
from lacustrine and basin deposits to alluvial fan deposits. This transition coincides with a rise in 

ground surface elevation. The basin and alluvial fan deposits are interbedded in nature, 

alternating between predominately coarse- and predominately fine-grained material, with more 
variability in the uppermost 20 feet. Baselines in the form of percent distributions of coarse- and 

fine-grained soils above and below 20-foot depth are provided.  

Coarse-grained soils were observed to vary from loose to dense at shallow depths, increasing to 
medium dense to very dense at greater depths. Loose and medium-dense sand deposits are 

substantially concentrated above depths of 20 feet, with the majority of loose sand encountered 
within the uppermost 12 feet and more commonly at the southern end  of CP4 beginning 5 miles 

south of the start of alignment WS1.  

Fine-grained soils were observed to vary from medium-stiff to hard, generally in creasing in 

stiffness with depth. The existence of medium-stiff fines is uncommon and isolated to the 
uppermost 40 feet bgs. Deeper than 40 feet bgs, f ine-grained soils comprise generally very stiff 

to hard silt or clay.  

As the extent of GI was limited, it  is possible that actual conditions may vary and differ from the 
data collected. Furthermore, data pertaining to  near-surface soils (defined herein as being within 

5 feet bgs) are particularly limited. CPTs and borings were hand-augered to 5 feet depth to clear 
potential utilit y conflicts. Test pits were not undertaken due to site access restrictions. Hand 

augering was used to collect bulk samples for earthwork testing. 
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6.2  Baseline Description of Subsurface Conditions  

6.2.1  Existing Fill  and Near -Surface Soil  

Fill comprises soils artificially placed, and is commonly encountered near built-up land such as 

roadway embankments. Fill is occasionally combined with foreign matter such as brick or other 
man-made debris. The soils that are used may originate from local or distant borrow sources 

and, in the case of the former, can be difficult to discern f rom the underlying native soil.  

In general, for access reasons, boreholes from the PE4P GI were undertaken adjacent to existing 
roads. These roads were primarily at-grade or near-grade, and exploratory boreholes penetrated 

variable depths of embankment f ill which would not necessarily be indicative of fill depths outside 
of the roadway boundary. 

Existing fill was noted in 10 of the 20 PE4P boreholes. In two locations, fill was noted to depths 

greater than 10 feet: S0078R to 18 feet and S0091R to 13 feet. S0078R was located in a median 
area between existing rail and SR 43, near an approach to a crossing. The location of this 

borehole is offset over 600 feet from the pre ferred L1 alignment, and as such will not accurately 

reflect shallow subsurface conditions of the alignment. The fill encountered, however, may be 
loosely representative of possible fill material in other locations where roadways intersect the 

alignment. For instance, S0091R was located on a roadway embankment along Galpin Street 
approaching Santa Fe Highway, near the footprint of the alignment . 

Near-surface soil not explicitly identified as existing fill in the logs may nonetheless contain 

shallow depths of man-made ground. Regardless of origin, the character of in situ near-surface 

soil is of interest to the proposed earthworks as this material is often removed or reworked for 
engineering purposes. An appreciation of the distribution of near-surface soil types encountered 

within the uppermost 5 feet of all boreholes (or deeper, if Fill was identified)  is provided in 
Table 6.2-1. CPTs were predrilled past 5 feet, and no soil descriptions are available.  

Earthwork testing was limited to bulk samples comprising the uppermost 5 feet of drilled 

boreholes, and engineering baselines are provided in Section 6.6. Comparison of the soil types 
tested for compaction to those suggested by the limited data below provide an indication of the  

general applicability of the results.  

Table  6.2 -1  
USCS Distribution of Existing Fill by Percentage of Depth Explored 

Borehole 
ID  

Depth  
(ft)  

ML CL 
ML/  
SM 

SC 
SM/  
ML 

SP SM GP 

S0074R 5.0f - - 10.0% 60.0% - - 30.0% - 

S0075R 5.0 50.0 - 50.0% - - - - - 

S0076R 5.0 - - - - - - 100% - 

S0077R 5.0 100% - - - - - - - 

S0078R 18.0Fill 2.8% - - 25.0% 11.1% 55.6% - 5.6% 

S0079R 5.0 100% - - - - - - - 

S0080R 7.5Fill - 33.3% - - - - 66.7% - 
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Table  6.2 -1  
USCS Distribution of Existing Fill by Percentage of Depth Explored 

Borehole 

ID  

Depth  

(ft)  
ML CL 

ML/  

SM 
SC 

SM/  

ML 
SP SM GP 

S0081R 5.0f - - - - - 30.0% 70.0% - 

S0082R 5.0 - - - - - - 100% - 

S0083R 8.0Fill - - - - - - 100% - 

S0084AR 5.0 - - - - - - 100% - 

S0084R 5.0f - - - - - - 100% - 

S0085R 5.0f - - - - - - 100% - 

S0086R 5.0 - - - - - - 100% - 

S0087R 5.0 - - - - - - 100% - 

S0088AR 8.0Fill - - - - - - 100% - 

S0088R 5.0 100% - - - - - - - 

S0089R 5.0f - - - - - - 100% - 

S0090R 5.0 - - - - - - 100% - 

S0091R 13.0Fill - - - 38.5% - - 61.5% - 

f Near-surface zone (5 feet bgs) contains existing fill, as noted in borehole log 

Fill Depth of existing fill exceeds near-surface zone to the depth noted, as per borehole log  

 

A total of 11 grain size distribution tests have been undertaken on samples of existing fill or near-

surface soils. The results of this testing is presented in Figure 6.2-4. 

Existing fill can also include surface pavements consisting of asphalt concrete (AC), concrete, and 
aggregate base. Where present (based on the design-builderôs review of reference drawings and 

existing conditions), for bidding purposes, assume existing AC or concrete pavements are 

3 inches thick on minor roads and 8 inches thick on improved sections of SR 43 or other 
highways. For bidding purposes, further  assume minor roads have 6 inches of gravel or 

aggregate base underlying the AC and the highways have 12 inches of aggregate base 
underlying the AC. Do not assume the existing aggregate base can be directly reused as 

aggregate base. 

The nature of drilling and sampling methods used and spacing of boreholes makes it difficult to 
quantify the maximum size of fragments in existing fill. For bidding purposes, assume debris up 

to 1 foot in greatest dimension are present in existing fill. Debris most commonly pertains to rock 

fragments but may also include rubbish, rubble, or remnants of previous development.  

Insufficient data are available to develop baseline parameters of soil laden with organics or 
disturbed from previous site uses (such as farm fields, orchards, or existing development).  
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Figur e 6.2 -1   

Grain Size Distribution of Fill and Near-Surface Soils Encountered 

6.2.2  Native Soils  

The native soils underlying the existing fill and near-surface soil at the locations explored in the 

CP4 alignments predominantly comprise interbedded layers of sand, silt, and clay. Layers of 
native soils have been classified predominantly as poorly graded sand with variable silt  (SP and 

SP-SM), silty sand (SM), clayey sand (SC), sand/silt (SM/ML), silt/sand (ML/SM), sandy silt to silt 
(ML), clayey silt to silty clay (CL-ML), and sandy lean clay to lean clay (CL). Well-graded sand 

with variable silt (SW and SW-SM) was encountered sporadically, as well as a single observation 

of sandy fat clay (CH) from 8  to 13 feet depth in S0088R. 

Assessment of SPT N and qc indicates that coarse-grained soils are generally loose to very dense 
and the fine-grained soils are generally medium stiff to hard.  

The distribution of USCS soil type by borehole as a percent of total depth explored is provided in 

Table 6.2-2. Soil types have been further combined into more general coarse-grained and fine-
grained categories, as defined in Table 6.2-2 and further discussed later in this section.  
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